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ABSTRACT
This paper studies morphological properties of 103 green valley FIR active and 2609
non-active galaxies presented in Mahoro et al. (2017). The photometric data from the
COSMOS survey were used, and the morphological parameters, such as Abraham and
Conselice-Bershady concentration indices, Gini, M20 moment of light, and asymmetry,
were analysed taking into account public catalogues. Furthermore, a visual classifica-
tion of galaxies was performed. We found that the fraction of peculiar galaxies with
clear signs of interactions and mergers is significantly higher in AGN (38%) than
non-AGN (19%) green valley galaxies, while non-AGN galaxies from our sample are
predominantly spirals (46%). We found that the largest fraction of our green valley
galaxies is located on the main-sequence (MS) of star formation, independently on
morphology, which is in contrast with most of previous studies carried out in optical.
We also found that FIR AGN green valley galaxies have significantly higher star for-
mation rates in all analysed morphological types. Therefore, our results suggest that
interactions and mergers obtained in the high fraction of FIR AGN contribute signif-
icantly to high star formation rates observed in the selected sample, but are not the
only mechanism responsible for enhancing star formation, and others such as AGN
positive feedback could contribute as well. In future we will study in more details the
possibility of AGN positive feedback through the spectroscopic analysis of public and
our SALT data.
Key words: galaxies: active -galaxies: evolution -galaxies: star formation -infrared:
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1 INTRODUCTION
Observational studies and large surveys showed that galax-
ies have bi-modal properties in terms of stellar mass, star
formation, colours, luminosities, different morphological pa-
rameters, etc. (Kauffmann et al. 2003; Baldry et al. 2004;
Salim et al. 2007; Brammer et al. 2009; Povic´ et al. 2013a;
Walker et al. 2013; Schawinski et al. 2014; Ge et al. 2018).
The region between the two peaks in the bi-modal distribu-
tion (the ’blue cloud’ and ’red sequence’) is referred to as the
’green valley’ and it is considered to be the transition area
between the late-type and early-type galaxies (Salim 2014,
⋆ E-mail: antoine@saao.ac.za
and references therein). Studying the properties of green val-
ley galaxies is therefore very important for the better un-
derstanding of star formation quenching mechanisms, mor-
phological transformation in galaxies, and galaxy evolution
across cosmic time.
Previous works studied morphological properties of the
green valley galaxies and found that they show intermedi-
ate values (between blue cloud and red sequence) in terms
of concentration (C), asymmetry (A) and smoothness (S)
indices (Mendez et al. 2011; Pan et al. 2013). Mendez et al.
(2011) found also that the green valley galaxies are gen-
erally massive (M∗ ∼ 10
10.5
M⊙) disk galaxies; 12% of all
their sample are bulgeless galaxies, and they found that the
merging fraction of green valley galaxies is lower than in
© 2019 The Authors
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late-types. Using the morphological diagrams such as Gini
vs. A and Gini vs. M20 moment of light, it is found that
the green valley galaxies are located in the middle of late-
and early-types. Different studies suggested that the mor-
phological transformation of galaxies happens in the green
valley during different timescales (Schawinski et al. 2014;
Lee et al. 2015; Smethurst et al. 2015; Trayford et al. 2016;
Bremer et al. 2018), being also dependent on morphology
(Nogueira-Cavalcante et al. 2018). Using the MaNGA1 in-
tegral field spectroscopy (IFS) data, Belfiore et al. (2018)
however suggested that green valley is a quasi-static popula-
tion, that requires slow quenching process which uniformly
affects the entire galaxy. The authors also found suppres-
sion of star formation with respect to mass-matched main
sequence galaxies at all radii. In addition, in Belfiore et al.
(2017) using again IFS data found that ∼ 40% of green val-
ley galaxies have quiescent central regions, while hosting star
formation in extended outer discs.
Previous works have suggested that active galactic nu-
clei (AGN) can be responsible for stopping the star forma-
tion in galaxies (Di Matteo et al. 2005; Nandra et al. 2007;
Leslie et al. 2016), since most of X-ray detected AGN were
found in the green valley (Coil et al. 2009; Hickox et al.
2009; Cardamone et al. 2010; Povic´ et al. 2012, 2013b). In
addition, optically selected AGN in the Sloan Digital Sky
Survey (SDSS), classified using traditional emission-line
BPT diagrams (Baldwin et al. 1981), were found to mainly
reside below the main-sequence of star formation, moving
from the star-forming toward more passive galaxies, sug-
gesting again a role of AGN in quenching star-formation in
galaxies (Leslie et al. 2016).
In Mahoro et al. (2017) we studied a sample of green
valley active and non-active galaxies selected from the
Cosmological Evolution Survey (COSMOS2) (Scoville et al.
2007), where ∼ 90% of sources in our sample have redshifts
0.2≤ z≤ 1.2. We wanted to study in detail the star-formation
properties of both active and non-active galaxies, and to un-
derstand better the role of AGN and its feedback on star-
formation quenching. We measured the star formation rates
(SFRs) using the far-infrared (FIR) Herschel/PACS data.
We found that FIR selected green valley AGN have still
very active star formation, with 82% being located either
on or above the main sequence, showing therefore signs of
star formation enhancement rather then its quenching. The
obtained result appears to suggest that for X-ray detected
AGN with FIR emission surprisingly, there appears to be
positive feedback on star formation from the AGN, rather
than negative feedback.
In work presented in this paper we want to go a step
further and to study in more detail morphological properties
of these galaxies to understand better the obtained results
of higher SFRs in AGN. In particular, we would like to see if
higher SFRs in AGN could be related with interactions and
mergers, or whether AGN positive feedback indeed plays a
role, as suggested in Mahoro et al. (2017). We go through
the visual classification of all active and non-active galaxies,
and analyse various morphological parameters and classi-
fications obtained from the public catalogues. The paper is
1 https://www.sdss.org/dr13/manga/
2 http://cosmos.astro.caltech.edu/
organised as follows: data and sample selection are described
in Section 2; morphological classifications and main results
are explained in Section 3; and finally, in Section 4 we discuss
and summarise our results.
We assume the following cosmological parameters
throughout the paper: Ωm = 0.3, ΩΛ = 0.7, with H0 =
70 kms−1 Mpc−1. All magnitudes given in this paper are in
AB system. The stellar masses are given in units of so-
lar masses (M⊙), and both SFR and stellar masses assume
Salpeter (1955) initial mass function (IMF).
2 DATA AND SAMPLE SELECTION
In this paper we used public photometric data from the
COSMOS 2deg2 survey, one of the deepest extragalac-
tic surveys with multi-wavelength data available, centered
at RA (J2000) =10:00:28.6 and DEC (J2000) =+02:12:21.0
(Scoville et al. 2007).
For visual morphological classification we used the Hub-
ble Space Telescope (HST) images taken with the Advanced
Camera for Surveys (ACS), under the cycle 12-13 (July 2003
- June 2005). Third public release of the HST/ACS COS-
MOS observations were used covering 1.7 deg2 in F814W
band and with a resolution of 0.003”/pixel (Koekemoer et al.
2007; Massey et al. 2010). For extracting images of our sam-
ple, the COSMOS cutouts tool3 was used.
The selection of sample is fully explained in
Mahoro et al. (2017). The green valley galaxies were se-
lected using the optical U-B rest-frame colour and cri-
teria 0.8 ≤ U − B ≤ 1.2 (Nandra et al. 2007; Willmer et al.
2006). Optical data were extracted from the catalogue
of Tasca et al. (2009), complete down to the magnitude
of I= 23, and based on the ACS photometric catalogue
of Leauthaud et al. (2007). We used X-ray XMM-Newton
and Chandra data for AGN selection (Brusa et al. 2007;
Civano et al. 2012), and X-ray (2 - 10 keV)-to-optical (I
band) flux ratio of −1 ≤ logFx/F0 ≤ 1 (Alexander et al.
2001; Bauer et al. 2004; Bundy et al. 2007; Trump et al.
2009). For photometric redshifts we used two catalogues,
Salvato et al. (2011) and Ilbert et al. (2009) for AGN and
non-AGN samples, respectively. The FIR Herschel/PACS
160, 100, and 24 µm (Lutz et al. 2011) and Spitzer DR1
24 µm, (Rieke et al. 2004) data were used for measuring
IR luminosities and SFRs through the spectral energy
distribution (SED) fitting by using the Le Phare4 code
(Arnouts & Ilbert 2011; Ilbert et al. 2006). For measuring
SFRs in active galaxies, we used Kirkpatrick et al. (2015)
templates and we corrected IR luminosity for AGN contri-
bution (Mahoro et al. 2017). The final selected sample con-
tains 103 and 2609 green valley FIR AGN and non-AGN
emitters, respectively, with good SFR measurements and
with redshifts z≤ 3 where ∼ 90% of galaxies have redshifts
0.2≤ z≤ 1.2. For more details regarding green valley selec-
tion, AGN selection, redshift distributions, and SFR mea-
surements, see Mahoro et al. (2017).
3 http://irsa.ipac.caltech.edu/data/COSMOS/index cutouts.html
4 http://www.cfht.hawaii.edu/ arnouts/lephare.html
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Table 1. Number of galaxies in the final visual morphological
classification.
FIR AGN FIR non-AGN
Class 1 26 (25%) 452 (17%)
Class 2 27 (26%) 1204 (46%)
Class 3 2 (2%) 87 (3%)
Class 4 39 (38%) 494 (19%)
Class 5 9 (9%) 372 (14%)
Total 103 2609
3 MORPHOLOGICAL ANALYSIS AND
RESULTS
In this section we describe our morphological analysis of
selected AGN and non-AGN galaxies. We first extracted
HST/ACS images of all AGN and non-AGN galaxies and
carried out detailed visual morphological classification.
We then compared our classification with different non-
parametric classifications available for the COSMOS field
in the public catalogues. Finally, we analysed the distribu-
tions of different morphological parameters of selected FIR
AGN and non-AGN samples.
3.1 Visual Classification
Using the HST/ACS F814W images we went through the
visual morphological classification of all 103 and 2609 FIR
AGN and non-AGN, respectively. All galaxies were classified
by three classifiers independently (AM, MP, and BN) into
one of the following five classes:
• class 1: elliptical, S0 or S0/S0a galaxies,
• class 2: spiral galaxies,
• class 3: irregular galaxies,
• class 4: peculiar galaxies (with strange structures, e.g.,
tails, rings), signs of interactions, or clear mergers, and
• class 5: unclassified galaxies (e.g., faint objects, low res-
olution images, edge-on sources, etc.).
Figure 1 shows an example of galaxies belonging to some of
the five classes. We considered that a galaxy belongs to cer-
tain morphological type if it was classified under the same
class by two or three classifiers. Table 1 shows the final result
of visual morphological classification. In total we classified
91% and 86% of FIR AGN and non-AGN green valley galax-
ies, respectively. Figure 2 shows the distribution of both sam-
ples per morphological class. It can be seen that the most
significant difference is between classes 2 and 4, where 38%
of AGN were classified as peculiar galaxies, interactions or
mergers (19% of non-AGN), while 46% of non-AGN show
spiral morphologies (26% in case of AGN).
3.2 Comparison with non-parametric methods
We are using the public COSMOS morphology catalogues as
there has more information on morphology parameters to be
used in the section 3.3 and section 3.4 for analysis of AGN
and non-AGN green valley galaxy morphology properties.
To understand better the morphological properties of our
sample and high SFRs seen in Mahoro et al. (2017), in addi-
tion to visual classifications we extracted also morphological
parameters from available public catalogues in the COSMOS
field: Tasca et al. (2009, hereafter TAS09), Cassata et al.
(2007, hereafter CAS07), and Scarlata et al. (2007, here-
after SCA07). In the following we describe the three used
catalogues, obtained through the HST/ACS data, and com-
pare our visual classification with non-parametric ones. All
used catalogues classified galaxies into E/S0, spirals, and ir-
regulars. None of the mentioned public catalogues classifies
separately peculiar galaxies, mergers, and interaction, and
irregular class may include a significant population of these.
Therefore, in the following, we compared our Class 1 with
E/S0, Class 2 with spirals, and Class 3+Class 4 with galax-
ies classified as irregulars in the three analysed catalogues.
Table 2 gives the number of galaxies in different catalogues
whose classification overlaps with ours, and the % of agree-
ment for each type.
TAS09 morphological catalogue
This catalogue contains morphological information of
237912 sources in the COSMOS field, with magnitudes down
to IAB ≃ 23.0. Morphological classification was carried out us-
ing three different methods:
(i) Class int is based on three parameters: Abraham
concentration index (CABR), which is a fraction of light
contained in an inner 30% and in a total flux isophote
(Abraham et al. 1996); asymmetry index (ASYM), com-
puted by rotating each galaxy 180d˜eg about its centre, sub-
tracting the rotated image from the initial one, and divid-
ing the sum of the absolute value of pixels in the resid-
ual image by the sum of pixel values in the initial im-
age5 (Abraham et al. 1996; Cassata et al. 2007); and Gini
coefficient, defined as a cumulative distribution function of
galaxy’s pixel values (Abraham et al. 2003).
We cross-matched our catalogue with TAS09 catalogue.
Out of 103 FIR AGN green valley galaxies, in class int 52
are classified as E/S0, 34 as spirals, and 17 as irregulars,
while 505 of FIR non-AGN galaxies are classified as E/S0,
1535 as spirals and 569 as irregulars. The number of galaxies
in each class that overlaps with our visual classification
and fraction are shown in Table 2. As can be seen the best
match was found for E/S0 and spiral classes in the case of
AGN and non-AGN samples, respectively.
(ii) Class linee is based on five morphological parame-
ters: Conselice et al. (2000) concentration index (CCON),
measured as the logarithmic ratio of the apertures con-
taining 80% and 20% of the total flux; asymmetry index
(ASYM) and Gini index, measured as in class int; smooth-
ness (or clumpiness), defined as the measure of the rele-
vance of small-scale structures (Conselice et al. 2000); and
moment of light at 20% (M20), measured using the flux in
each pixel multiplied by the squared distance to the centre
of the galaxy, summed over the 20% brightest pixels of the
galaxy (Lotz et al. 2004).
With this method again all FIR AGN and non-AGN from
our sample were classified. 50 (602), 40 (1574), and 13 (433)
5 A correction for background noise is also applied by using the
average asymmetry of the background.
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Figure 1. Example of different morphological classes used in visual classification: from class 1 up to class 5 (from top to bottom).
Table 2. Number of galaxies (and fraction) being in agreement between our visual and non-parametric morphological classifications.
The values given in bold indicate the best match.
Catalogues AGN Non-AGN
E/S0 spiral irregular E/S0 spiral irregular
TAS09
class int 23 (88%) 12 (44%) 11 (27%) 253 (56%) 898 (75%) 351 (60%)
class linee 24 (92%) 14 (52%) 10 (24%) 303 (67%) 902 (75%) 291 (50%)
class galsvm 19 (73%) 21 (78%) 11 (27%) 197 (44%) 1076 (89%) 379 (65%)
CAS07 16 (64%) 13 (50%) 17 (41%) 199 (44%) 893 (74%) 381 (66%)
SCA07 1 (12.5%) 3 (30%) 5 (39%) 21 (17%) 342 (86%) 91 (39%)
of galaxies were classified as E/S0, spirals, and irregulars,
respectively, in case of AGN (non-AGN). Out of these, the
best match with visual classification was found for E/S0
class, as can be seen in Table 2. In general, this classification
provides better agreement with visual classification than
the previous one, and the best agreement for E/S0 galaxies
in comparison to all other methods.
(iii) Class svm is based on learning machines called sup-
port vector machines. It uses the galSVM code and measures
7 parameters, plus the source ellipticity and surface bright-
ness, as described in (Huertas-Company et al. 2008). With
this classification in TSC09 32 (285), 54 (1777), and 17 (547)
of galaxies were classified as E/S0, spirals, and irregulars,
respectively, in case of AGN (non-AGN). This classification
gives a better agreement with our visual classification for
spiral and irregular galaxies then the previous two, and the
best agreement for spiral galaxies when compared with all
other methods.
We are using the public COSMOS morphology catalogues
as there has more information on morphology parameters
to be used in the section 3.3 and section 3.4 for analysis
of AGN and non-AGN green valley galaxy morphology
properties.
CAS07 morphological catalogue
This catalogue contains morphological classification of
232022 COSMOS galaxies with IAB ≤ 25. Classification is
based on four morphological parameters: ASYM, CCON,
Gini, and M20 moment of light, defined as mentioned pre-
viously. The authors also measured axial ratio, as a ra-
tio between minor and major axis b/a using SExtractor
(Bertin & Arnouts 1996).
We found in total 101 and 2595 AGN and non-AGN
counterparts, respectively, when cross-matching our cata-
logue of visual classification and CAS07 catalogue. In case
of AGN, CAS07 catalogue contains 32 galaxies classified as
E/S0, 45 as spirals, and 24 as irregulars (in comparison to
our visual classification where we have 25, 26, 2, 39, and 9
galaxies classified as Class 1, 2, 3, 4, and 5 respectively).
MNRAS 000, 1–13 (2019)
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Figure 2. Normalised distributions of visually classified morpho-
logical types of FIR green valley AGN (blue dashed lines) and
non-AGN (red solid lines).
In case of non-AGN, 359 were classified as E/S0, 1538 as
spirals, and 698 as irregular galaxies (in comparison to our
visual classification where we have 451, 1201, 86, 489, and
368 galaxies classified as Class 1, 2, 3, 4, and 5, respectively).
When compared with our visual classification, this catalogue
gives the best match for irregular galaxies (including inter-
actions and mergers), as can be seen in Table 2.
SCA07 morphological catalogue
This catalogue is based on the HST/ACS photometric cat-
alogue of Leauthaud et al. (2007), and uses the Zurich
Estimator of Structural Types (ZEST) classification code
(Scarlata et al. 2007). Morphological classification is avail-
able for 56000 galaxies with IAB ≤ 24 from the COSMOS
field. The authors used the combination of four morpho-
logical parameters to classify galaxies into E/S0, disc (spi-
ral), and irregular: ASYM, CCON, Gini, and M20 moment
of light, defined as mentioned above.
SCA07 catalogue contains 33 and 906 of our FIR AGN
and non-AGN galaxies, respectively, much less than the pre-
vious two catalogues. Of these, 5 AGN were classified as el-
lipticals, 10 as spirals, 8 as irregulars, and 10 stayed unclas-
sified (in comparison to 8, 10, 2, 11, and 2 galaxies classified
visually in our work as Class 1, 2, 3, 4, and 5 respectively).
On the other hand 37, 692, and 163 of non-AGN FIR galax-
ies were classified as ellipticals, spirals, and irregulars, re-
spectively (compared to 125, 397, 33, 201, and 150 galaxies
classified in our work as Class 1, 2, 3, 4, and 5 respectively).
Matching with our visual classification is again shown in
Table 2, and it can be observed that in most cases this cat-
alogue gives poorer comparison than the previous two.
We used this public data to compare our visual classifi-
cation with automated classification and we get good match-
ing Class svm (Huertas-Company et al. 2008) classification
in general and more results are summarised in Table 2.
3.3 FIR green valley AGN and non-AGN in
standard morphological diagrams
In this section we analyse the location of our FIR AGN
and non-AGN galaxies in some of the standard morpholog-
ical diagrams. We use the parameters measured in TSC09
(class int) and CAS07. SCA07 was not used in this section
due to the small number of counterparts, especially in case
of AGN.
3.3.1 Gini vs. concentration indices
In Figure 3 we show the location of our FIR AGN and
non-AGN samples on Gini vs. CCON (left plot) and vs.
CABR (right plot) diagrams, plotted using CAS07 and
TAS09 measurements, respectively. It can be seen that both
samples follow the same trend and show linear correla-
tion between the three parameters, as shown previously
for field (e.g., Conselice et al. 2000; Abraham et al. 2003;
Lotz et al. 2004; Cassata et al. 2007; Povic´ et al. 2013a) and
cluster (e.g., Cibinel et al. 2013; Pintos-Castro et al. 2016;
Beyoro-Amado et al. 2018) galaxies. Top and right-hand
panels of each diagram represent normalised distributions
of corresponding parameters for AGN (blue dashed lines)
and non-AGN (red solid lines) galaxies. It can be seen that
the two samples do not show the same distribution in any
of the three parameters, with AGN showing slightly higher
light concentrations.
In case of CABR index, 50% of AGN (non-AGN) sam-
ples have values between 0.32 - 0.56 (0.26 - 0.41), with me-
dian concentrations of 0.46 (0.33). In case of CCON index,
similar results have been obtained, with 50% of AGN (non-
AGN) galaxies being located in the range 3.08 - 4.00 (2.82 -
3.39), with median concentrations of 3.50 (3.06).
Gini coefficient measured in CAS07 and TAS09 gives
similar results, although Gini measured in TAS09 has
slightly higher values. In case of CAS07 measurements, 50%
of AGN (non-AGN) samples have values between 0.49 - 0.57
(0.44 - 0.52), with median Gini of 0.53 (0.49), while in TAS09
50% of AGN (non-AGN) are found between 0.52 and 0.69
(0.45 and 0.53), with median Gini of 0.61 (0.52).
We carried out a two-sided Kolmogorov-Smirnov (KS)
test for all comparisons and found in all cases that the two
samples do not belong to the same parent distribution (prob-
ability parameter being ≪ 0).
3.3.2 ASYM vs. concentration indices
In this section we compare ASYM index with concentra-
tion parameters such as CCON and CABR, measured in
CAS07 and TAS09, respectively, as shown in Figure 4 (cen-
tral plots). We find an anticorrelation in both cases, with
higher concentrated galaxies having lower asymmetries, as
expected (Abraham et al. 1996, 2003; Conselice et al. 2000;
Lotz et al. 2004). When comparing the ASYM normalised
distributions (right histograms) between AGN and non-
AGN samples, very small or no differences have been found.
In case of TAS09, AGN show slightly larger asymmetries,
MNRAS 000, 1–13 (2019)
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Figure 3. Morphological diagrams representing the relation between Gini and CCON (left) and Gini and CABR (right) indices. In
both plots, FIR AGN and non-AGN green valley galaxies are marked with blue squares and red triangles, respectively. Top and right
histograms: normalised distributions of corresponding parameters represented on the central plots of FIR AGN (blue dashed lines) and
non-AGN (red solid lines) galaxies.
with 50% of sample being in the range 0.09 - 0.16 (0.06 -
0.13), and having median concentrations of 0.12 (0.09). In
this case a KS test rejected the hypothesis that the two sam-
ples are coming from the same parent distribution, showing
the probability parameter to be ≪ 0. On the other hand, in
CAS07 measurements there are no significant differences be-
tween the two samples. 50% of AGN (non-AGN) have ASYM
between 0.09 - 0.23 (0.1 - 0.22), with median concentrations
of 0.15 (0.15), and KS test does not reject the notion that
distributions are coming from the same sample (with proba-
bility parameter being 0.09). This parameter is very sensitive
to noise, as shown in Povic´ et al. (2015), and should not be
used separately in morphological classification of galaxies.
3.3.3 M20 vs. Gini and CCON
Figure 5 shows the relationship between M20 moment of
light and Gini (left central plot) and CCON (right central
plot) indices, respectively, measured by CAS07. This pa-
rameter was used previously for detecting interactions and
mergers (Lotz et al. 2004, 2010). Once again we found that
both samples follow the standard trends, showing the lin-
ear relation in the two cases, as shown previously for other
galaxy samples (Lotz et al. 2004, 2010; Povic´ et al. 2013a,
2015; Pintos-Castro et al. 2016; Beyoro-Amado et al. 2018).
AGN shows lower values of M20, with 50% of sample be-
ing in a range of -2.16 and -1.58, and median M20 =-1.89,
while 50% of non-AGN green valley galaxies have M20 in
range -1.99 and -1.52, and median M20 =-1.78. KS test also
suggests that the two distributions are different (with prob-
ability factor being ≪ 0.)
3.4 Morphological parameters for the same range
of stellar mass
Previous studies showed that AGN are hosted by more
massive galaxies (e.g. Kauffmann et al. 2003; Leslie et al.
2016; Ellison et al. 2016; Nkundabakura et al. 2016) and,
therefore, it is crucial to make the comparison of mor-
phological parameters between AGN and non-AGN con-
sidering fixed stellar mass range. In this section, we anal-
ysed different parameters in the same mass range of
log M∗ = 10.6M⊙ − 11.6M⊙, where we count 84% and 55%
of our FIR AGN and non-AGN green valley galaxies, re-
spectively (Mahoro et al. 2017).
In Figure 6 we compare the distributions of five mor-
phological parameters, CABR, Gini, ASYM (measured in
both TAS09 and CAS07), CCON, and M20 moment of light,
of those AGN and non-AGN within the selected stellar mass
range. It can be seen again, as in previous section, that even
when considering the same stellar mass range, indices such as
CABR, GINI, and CCON (M20) have higher values (lower in
case of M20), showing higher concentrations in case of active
galaxies. In all of these cases KS test showed that AGN and
non-AGN distributions are not coming from a parent dis-
tribution. The difference between concentration index mea-
surements of AGN and non-AGN can also be seen in Table 3,
where we measured basic statistics. In all cases it can be seen
that both median values and the range that covers 50% of
sample show that active galaxies have higher light concen-
trations. In addition to this, we observed that these trends
are maintained independently on morphological type, as can
be seen again in Table 3, where we also provide comparisons
of visual Class 1, 2, and 4 types. We discuss this more in
Sec. 4.
Regarding ASYM parameter similar findings were ob-
tained as in previous section, with slight differences between
TAS09 and CAS07 measurements and showing slightly lower
asymmetries in case of active galaxies. However, these dif-
ferences are within the uncertainties, and as mentioned pre-
viously this parameter is very sensitive to noise and is not
a reliable indicator of galaxy morphology when considered
independently (Povic´ et al. 2015).
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Figure 4. Morphological diagrams representing the relation between ASYM and CCON (left) and ASYM and CABR (right) indexe.
Top and right histograms show the normalised distributions of corresponding parameters represented on the central plots. For symbols
and lines description see Figure 3.
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Figure 5. Morphological diagrams representing the relation between M20 moment of light and Gini (left) and M20 and CCON (right).
Top and right histograms show the normalised distributions of corresponding parameters represented on the central plots. For symbols
and lines description see Figure 3.
4 DISCUSSION
4.1 FIR green valley galaxies on morphological
diagrams
Figures 3, 4, and 5 show the standard behavior of morpho-
logical parameters, where different concentration indices are
correlated with each other and anticorrelated with asymme-
try index, independently of the presence or absence of AGN.
These trends are very well known from previous studies and
have been observed at different redshifts and in different en-
vironments (e.g., Abraham et al. 1996, 2003; Conselice et al.
2000; Lotz et al. 2004, 2010; Cassata et al. 2007; Tasca et al.
2009; Povic´ et al. 2013a, 2015; Pintos-Castro et al. 2016). In
this work we confirm that known relationships are main-
tained also in case of FIR green valley galaxies, both ac-
tive and inactive. In addition, in Sec. 3.3 when analysing
the whole samples of AGN and non-AGN, it was ob-
served in both TAS09 and CAS07 classifications that ac-
tive galaxies show higher light concentrations. Since AGN
are known to be hosted by more massive galaxies (e.g.,
Kauffmann et al. 2003; Leslie et al. 2016; Ellison et al. 2016;
Nkundabakura et al. 2016), in Sec. 3.4 we made comparisons
of morphological parameters taking into account the same
mass range of AGN and non-AGN galaxies, and we found
the same trends independently on morphology. We are cur-
rently analysing in details how different AGN contribution
can affect various morphological parameters such as CABR,
CCON, Gini, M20, ASYM, and smoothness at both low and
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Figure 6. Distributions of different morphological parameters of FIR AGN (blue-dashed lines) and non-AGN (red solid lines) within the
same stellar mass range of logM*=10.6M⊙ - 11.6M⊙. From top to bottom and from left to right the following parameters are represented
CABR, Gini, and ASYM measured in TAS09, and ASYM, CCON, and M20 measured in CAS07.
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Table 3. Morphological parameters of AGN and non-AGN galaxies within the same stellar mass range
CABR GINI ASYM (TAS09) ASYM (CAS07) CCON M20
AGN all median 0.46 0.61 0.12 0.15 3.49 -1.96
Q1 - Q3 0.32 - 0.54 0.52 - 0.68 0.09 - 0.16 0.09 - 0.23 3.07 - 4.02 -2.19 - (-1.59)
Class 1 median 0.55 0.68 0.10 0.08 3.70 -2.13
Q1 - Q3 0.48 - 0.59 0.64 - 0.70 0.09 - 0.13 0.06 - 0.12 3.46 - 4.21 -2.29 - (-1.83)
Class 2 median 0.38 0.54 0.09 0.14 3.34 -1.99
Q1 - Q3 0.29 - 0.49 0.50 - 0.63 0.07 - 0.16 0.10 - 0.19 2.93 - 3.96 -2.17 - (-1.47)
Class 4 median 0.38 0.57 0.14 0.20 3.31 -1.63
Q1 - Q3 0.32 - 0.54 0.51 - 0.66 0.10 - 0.17 0.13 - 0.30 2.97 - 3.86 -2.07 - (-1.48)
non-AGN all median 0.32 0.51 0.10 0.18 3.13 -1.75
Q1 - Q3 0.25 - 0.41 0.43 - 0.59 0.07 - 0.14 0.13 - 0.25 2.83 - 3.50 -2.02 - (-1.45)
Class 1 median 0.48 0.63 0.07 0.09 3.60 -2.03
Q1 - Q3 0.40 - 0.55 0.58 - 0.68 0.05 - 0.09 0.07 - 0.13 3.27 - 3.88 -2.18 - (-1.90)
Class 2 median 0.35 0.51 0.08 0.15 3.18 -1.84
Q1 - Q3 0.28 - 0.41 0.45 - 0.57 0.06 - 0.11 0.11 - 0.18 2.86 - 3.48 -2.06 - (-1.56)
Class 4 median 0.27 0.47 0.15 0.26 2.94 -1.51
Q1 - Q3 0.22 - 0.35 0.42 - 0.54 0.11 - 0.22 0.19 - 0.37 2.71 - 3.31 -1.78 - (-1.28)
high reshifts, taking into account both survey depth and
resolution (Getachew et al., in preparation).
4.2 Morphologies of FIR AGN and non-AGN and
main-sequence of star formation
As shown in Sec. 3.1, we found a high percentage of 38% of
FIR AGN green valley galaxies to have disturbed morpholo-
gies, with peculiar structures and clear signs of interactions
or mergers. This could explain higher values of SFR in these
AGN as observed in comparison with non-AGN and dis-
cussed in Mahoro et al. (2017). Testing this was one of our
initial goals, as mentioned in Sec.1. However, the majority
of FIR AGN hosts still show non-disturbed morphologies,
including 25% of them being E/S0. This suggests that in
addition to interactions and mergers, other phenomena are
also responsible for higher SFRs in these galaxies. On the
other hand, the majority of non-AGN (46%) were classified
as spirals.
In Fig. 7 we represented again the relation between the
SFR and stellar mass, as in Mahoro et al. (2017) (see their
Fig. 5 and 6), to test the location of all FIR AGN and
non-AGN with respect to the main sequence (MS) of star
forming galaxies, but now taking into account our visual
classification. For MS (solid line) we used again the results
of Elbaz et al. (2011), obtained through the FIR Herschel
data, as we did in Mahoro et al. (2017), while for the width
of MS (dashed lines) we used ± 0.3 dex, found in many
previous works to be the typical 1σ value (e.g, Elbaz et al.
2007; Whitaker et al. 2012, 2014; Shimizu et al. 2015). Ta-
ble 4 summarises the number of galaxies on, above, and be-
low the MS of star formation in relation to morphology. As
can be seen, for Class 1, 2, and 4 we find again to be located
mainly on the MS of star formation in both AGN and non-
AGN, independently on morphology. Class 3 is not inconsis-
tent with this result, though it has poor statistics, especially
in case of AGN. In general, similar trends are found in both
AGN and non-AGN, where while being on the MS, Class 1
and 2 are mainly located slightly below, and Class 3 slightly
above the MS of star formation. These results broaden our
knowledge about the large range of properties that green
valley galaxies can have if multiwavelength data are taken
into account, in comparison to what is known from previous
optical studies.
As mentioned in Sec. 1, previous studies mainly sug-
gested that green valley galaxies are an intermediate pop-
ulation, having properties between those of the red se-
quence and the blue cloud galaxies (e.g., Salim et al.
2007; Pan et al. 2013; Schawinski et al. 2014; Salim 2014;
Lee et al. 2015; Smethurst et al. 2015; Trayford et al. 2016;
Ge et al. 2018; Coenda et al. 2018), in terms of both their
morphologies, stellar masses, luminosities, star formation
rates, and star formation histories, etc., and are expected
to be located mainly below the MS of star formation (e.g.,
Noeske et al. 2007; Salim et al. 2007; Renzini & Peng 2015).
Therefore, FIR green valley galaxies selected in this work
present an interesting sample for further multiwavelength
studies and better understanding of the full and complex
picture of galaxy transformation.
4.3 Morphology vs. SFR
The finding that the majority of X-ray detected FIR
green valley AGN are located on the MS of galaxy for-
mation, independently of their morphological type, con-
tradicts previous suggestions that AGN might be re-
sponsible for star formation quenching in galaxies (e.g.
Sa´nchez et al. 2004; Nandra et al. 2007; Georgakakis et al.
2008; Silverman et al. 2008; Treister et al. 2009; Povic´ et al.
2012, 2013b; Leslie et al. 2016); as discussed in detail in
Mahoro et al. (2017). Instead of finding lower star forma-
tion, we found higher values of SFRs in the AGN sam-
ple in comparison to non-AGN, when observing the same
range of stellar mass of logM*=10.6M⊙ - 11.6M⊙, as shown
in Mahoro et al. (2017) and described in Sec. 1. For the indi-
cated stellar mass range, we found median SFRs FIR AGN
and non-AGN to be 71 and 45M⊙/yr, respectively. In this
work we compared SFRs of AGN and non-AGN for the same
stellar mass range, but also taking into account their mor-
phology. Figure 8 shows these comparisons for Class 1 (top
left plot), Class 2 (top right plot), and Class 4 (bottom plot),
while in Table 5 we provide basic statistical comparisons. For
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Table 4. Number of AGN and non-AGN galaxies per morphological class being located on, above, and below the MS of star formation
AGN non-AGN
Class 1 Class 2 Class 3 Class 4 Class 1 Class 2 Class 3 Class 4
Tot. gal. 26 27 2 39 452 1204 87 494
above MS 2 (8%) / 1 (50%) 8 (21%) 43 (9.5%) 21 (2%) 29 (33%) 86 (17%)
on MS 19 (73%) 18 (67%) 1 (50%) 27 (69%) 307 (68%) 788 (65%) 57 (66%) 364 (74%)
below MS 5 (19%) 9 (33%) / 4 (10%) 102 (22.5%) 395 (33%) 1 (1%) 44 (9%)
Total 94 2240
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Figure 7. Relation between the SFR and stellar mass for FIR AGN (left plot) and non-AGN (right plot) green valley galaxies in
relation with visual morphological classification. Class 1, 2, 3, and 4, are represented with red triangles, dark blue squares, green filled
circles, and light blue diamonds, respectively. The solid black line shows the Elbaz et al. (2011) fit for the MS of star-forming galaxies
observed with Herschel, while the dashed lines represent the typical MS width of ± 0.3 dex. Top and right histograms show the normalized
distributions of stellar mass and SFR, respectively, and comparison between the class 1 (red solid lines), 2 (dark blue dashed lines), 3
(green dash-dot-dash lines), and 4 (light blue dotted lines).
Class 3 (irregular galaxies) we do not provide any compar-
isons due to the small number of sources in the AGN sample
(see Table 1). It can be seen from both, Figure 8 and Table 5,
that in all cases FIR AGN show significantly higher SFRs in
comparison to FIR non-AGN within the same stellar mass
range, independently on their morphology. As shown in Ta-
ble 5, 50% of Class 1, 2, and 4 AGN (non-AGN) have SFRs
in the range of 31 - 100 (23 - 72), 30 - 85 (2 - 56), and 55 - 151
(38 - 91), respectively. We run KS test on all plots of Fig-
ure 8, finding in all cases that the two distributions do not
come from the same one (having the probability factor < 0).
The finding in Mahoro et al. (2017) that 82% of AGN
are located either on or above the MS of star formation, and
that they show higher SFRs than non-AGN, suggested that
for X-ray detected AGN with FIR emission if there is an in-
fluence on its star formation in the green valley then positive
AGN feedback seems to take place, rather than the nega-
tive one. Finding in this work a larger fraction of disturbed
morphologies in 38% of AGN suggests that interactions
and mergers play an important role in these active galax-
ies and could contribute to their higher SFRs. Moreover,
it could also be possible that in these galaxies interactions
and mergers are responsible for triggering independently
both enhanced star formation and AGN activity, as has
been shown in previous studies (e.g., Hopkins et al. 2008;
Lamastra et al. 2013; Brassington et al. 2015; Hong et al.
2015; Knapen et al. 2015; Dietrich et al. 2018). However,
taking into account high SFRs in the rest of AGN sam-
ple (e.g., in 26% and 25% of galaxies classified as class 1
and class 2, respectively), and higher obtained SFR values
in comparison to non-AGN independently on morphology
(as shown above), suggests that interactions and mergers
alone cannot explain the results. Therefore, as suggested in
Mahoro et al. (2017), active galaxies analysed in this work
(at least those not classified as class 4) could present an
interesting observational sample for further studies about
AGN positive feedback and their effect on star formation.
In line with this, we are performing further analysis us-
ing public optical spectroscopic data, accompanied with new
spectroscopy from the 11-m Southern African Large Tele-
scope (SALT) data of a smaller AGN sample, in order to
understand better the emission line properties of our sam-
ple, extinction characteristics, and investigate possible signs
of outflows (work in progress). However, beside the positive
AGN feedback and influence of mergers and interactions,
other factors could also play a role in affecting SFRs of our
green valley galaxies in general, and AGN sample in par-
ticular. Some of the factors raised in previous works could
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Figure 8. Normalised distributions of SFR of FIR AGN (blue dashed histograms) and non-AGN (red solid histograms) for a fixed stellar
mass range of logM*=10.6M⊙ - 11.6M⊙ in relation to morphology.
Table 5. SFRs in the same range of mass
Class 1 Class 2 Class 4
Q1 Median Q3 Q1 Median Q3 Q1 Median Q3
AGN 31 48 100 30 56 85 55 85 151
Non-AGN 23 44 72 2 35 56 38 58 91
be related with secular evolution (Kormendy & Kennicutt
2004; Bremer et al. 2018; Ge et al. 2018), as well as envi-
ronmental effects (e.g., Trayford et al. 2016; Crossett et al.
2017; Coenda et al. 2018; Gu et al. 2018). In addition, as
mentioned in sec. 2, our galaxies were selected as green val-
ley via their optical colours. However, they are also FIR de-
tections, lie on the main sequence of star formation and have
high SFRs, as shown in Fig. 7. It could also be that a certain
fraction of our sources are not typical green valley sources
and have high amount of dust-obscured star formation not
visible in optical due to dust extinction. This possibility has
been already observed in many previous studies, especially
when comparing the SFRs measured in optical/UV and
FIR (e.g., Wuyts et al. 2011; Catala´n-Torrecilla et al. 2015;
Povic´ et al. 2016; Sklias et al. 2017; Mahajan et al. 2019).
Therefore, taking into account all mentioned, further stud-
ies are needed for understanding the full physics behind the
FIR green valley AGN and non-AGN galaxies and their role
in galaxy formation and evolution.
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5 CONCLUSIONS
This work is a follow-up of the work presented in
Mahoro et al. (2017), where using FIR data, and after re-
moving an AGN contribution, we found for the same mass
range higher SFRs in the green valley X-ray detected AGN
than in non-AGN, in contrast with previous optical stud-
ies. Therefore, in this paper we carried out a morphological
study of the same sample of green valley AGN and non-AGN
from the COSMOS survey, in order to better understand
previously obtained results. We used the public HST/ACS
images and classified visually the whole sample of 103 AGN
and 2609 non-AGN. In addition, we used all available pub-
lic catalogues with various morphological parameters mea-
sured. We compared in detail our visual and previous auto-
matic classifications. We analysed the standard morphologi-
cal diagrams of our sample of active and non-active galaxies,
and compared their morphological parameters within the
same stellar mass range. We analysed SFR vs. stellar mass
diagram in relation to morphology, and finally, we compared
the SFR distributions of AGN and non-AGN within the
same stellar mass range for different morphological types.
Our main conclusions are as follows:
• We found that the fraction of peculiar galaxies with
clear signs of interactions and mergers is significantly higher
in AGN (38%) than non-AGN (19%) green valley galaxies.
On the other hand, non-AGN galaxies from our sample are
predominantly spirals (46%), in comparison to AGN, where
only 26% were classified as spirals (or Class 2).
• We confirmed that the standard morphological dia-
grams follow the same trends when green valley active and
non-active galaxies are considered.
• We found both FIR AGN and non-AGN green valley
galaxies to be located mainly on the MS of star formation,
independently on morphology, which contrasts previous re-
sults obtained in the optical suggesting that green valley
galaxies are mainly located below the MS, and that in ad-
dition there is a clear difference in terms of morphology.
• Finally, we found that within the same stellar mass
range, AGN have significantly higher SFRs in all analysed
morphological types.
Our findings suggest that in a significant fraction of AGN
(∼ 40%), interactions and mergers play an important role
and could be responsible for higher SFRs observed in FIR
in comparison to non-AGN sample, and/or for even trig-
gered AGN activity. However, taking into account that in
Mahoro et al. (2017) 82% of AGN are located either on or
above the MS of star formation, showing higher SFRs then
non-AGN, indicates that in addition to mergers and inter-
actions other factors are also responsible for enhanced star
formation in active galaxies, including the AGN positive
feedback as one of the possibilities. In follow-up studies we
will focus more attention to analyse this aspect, including
also extinction characteristics of our sample, using available
spectroscopic data from the public archives and the SALT
telescope.
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